CM 
< 

I s - 
CM 
00 

CO 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 







(11) 



EP 1 043 827 A2 



(12) 



(43) Date of publication: 

11.10.2000 Bulletin 2000/41 

(21) Application number: 00106081.3 

(22) Date of filing: 30.03.2000 



EUROPEAN PATENT APPLICATION 

(51) int. C! 7 H02K 1/27, H02K 21/46 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority- 30.03.1999 JP 8992899 

(71) Applicant: 

KABUSHIKI KAISH A TOSHIBA 
Kawasaki-shi, Kanagawa-ken 210-8572 (JP) 

(72) Inventors: 

• Takabatake, Mikio 

1-1-1 Shibaura, Minato-ku Tokyo (JP) 

* Arata, Masanori 

1-1-1 Shibaura, Minato-ku Tokyo (JP) 



• Sakai, Kazuto 

1-1-1 Shibaura, Minato-ku 

• Hashiba, Yutaka 

1-1-1 Shibaura, Mlnato-ku 

• Hashidate, Yoshio 

1-1-1 Shibaura, Minato-ku 

• Takahashi, Norio 

1-1-1 Shibaura, Minato-ku 
. Oishi, Koji 
1-1-1 Shibaura, Minato-ku 

• Amemori, Shiro 

1-1-1 Shibaura, Minato-ku 



Tokyo (JP) 
Tokyo (JP) 
Tokyo (JP) 
Tokyo (JP) 
Tokyo (JP) 
Tokyo (JP) 



(74) Representative: HOFFMANN - EITLE 
Patent- und Rechtsanwaite 
Arabellastrasse 4 
81925 Mtinchen (DE) 



(54) Rotor for permanent magnet type rotating machine 

(57) A rotor is provided for a permanent magnet 
type rotating machine having a stator 1 with armature 
windings 11. The rotor 3 includes a rotor core 31 and a 
plurality of permanent magnets 32 arranged in the rotor 
core 31 so as to negate magnetic flux of the armature 
windings 1 1 passing through interpoles 3b. The rotor 3 
is constructed so that the average of magnetic flux in an 
air gap 2 between the rotor 3 and the stator 1 , which is 
produced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.1 [T] to 0.7 [T] and 
the ratio (Lq/Ld) of self-inductance of the magnetic por- 
tion in a hard-magnetizing direction (q-axis) to self- 
inductance in an easy-magnetizing direction (d-axis) 
under a rated load condition ranges from 0.1 to 0.8. 
Under these conditions, it is possible to realize the rotat- 
ing machine which operates as an induction machine at 
the machine's starting and also operates as an synchro- 
nous machine at the rated driving due to smooth pull-in. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a rotor for a 
permanent magnet type rotating machine, which oper- 
ates as an induction machine at the machine s starting 
and also a synchronizing machine at the rated driving. 

2. Description of the Related Art 

[0002] Generally, the permanent magnet-reluc- 
tance type rotating machine comprises a stator having 
armature windings and a rotor rotating inside the stator. 
In the machine, the rotor is provided with no windings 
forming a field system but permanent magnets dis- 
posed on side faces of respective projecting portions of 
a rotor core having irregularities on its outer periphery. 
Therefore, the machine is characterized in that the 
structure is simple in comparison with the conventional 
wound-rotor type rotating machine. 
[0003] Between the rotor core and the stator, this 
permanent magnet-reluctance type rotating machine 
has a small magnetic reluctance about each projecting 
portion and a large magnetic reluctance about each 
recessed portion due to the structural unevenness on 
the rotor core. In this way. there is a difference between 
the projecting portion and the recessed portion in terms 
of magnetic energy stored at a clearance (air gap) 
between the rotor core and the stator due to the current 
flowing through the armature windings, so that the out- 
put is mainly produced by the change in magnetic 
energy. 

[0004] Note, the unevenness about the rotor is not 
necessarily provided by its geometrical structure and, in 
short, the "magnetic" unevenness may be formed about 
the rotor. Therefore, the rotating machine may be pro- 
vided with a constitution by which the magnetic reluc- 
tance and flux can be changed dependency of the 
rotational position of the rotor. 
[0005] Note, the reluctance type rotating machine 
using no permanent magnet has a problem of power 
reduction when the current flowing the armature wind- 
ings increases since the leakage flux into the magneti- 
cally recessed portions, i.e. the interpole portions, is 
increased by the enlargement of magnetically saturated 
area in the projecting portions, i.e. the pole portions. 
[0006] While, the permanent magnet-reluctance 
type rotating machine is capable of avoiding the deteri- 
oration of output since the permanent magnets on 
respective pole sides of the rotor core do act as the 
magnetic reluctance to reduce the leakage flux directing 
to the interpole portions. 

[0007] In addition to the above-mentioned function 
to reduce the leakage flux, the permanent magnets 
have an effect to generate the reluctance torque due to 
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the interaction between their own flux and the flux from 
the armature windings. 

[0008] In this way, the permanent magnet-reluc- 
tance type rotating machine is constructed so as to 
5 exhibit different magnetic reluctance dependent on the 
rotational position of the rotor due to the magnetic une- 
venness about the peripheral face of the rotor core and 
also ensure the power output since the leakage flux for 
the interpole portions is reduced by the permanent 
10 magnets on the pole sides. 

[0009] In the permanent magnet-reluctance type 
rotating machine, however, there is a problem of difficult 
self starting because the self-retaining torque is 
increased by the permanent magnets on the pole sides. 
15 [0010] In order to ensure the self starting toque, 
there have been attempted many countermeasures, for 
example, to adopt an inverter as supplementary starting 
means, to overlap the rotor with an additional starting 
cage, etc. However, these countermeasures cause the 
20 structure of the rotating machine to be complicated in 
total. Especially in case of the self-starting cage, there 
is also raised a problem of increasing the magnetic 
reluctance to reduce the main magnetic flux. 
[0011] Under the situation, the applicant of the 
25 present invention has previously proposed a rotor for 
the permanent magnet-reluctance type rotating 
machine which is capable of improving its starting charr 
acteristics without requiring any supplemental starting 
means (Japanese Patent Application No. 10-275797). 
30 In this machine, tor example, the starting cage is made 
of magnetic material and starting conductors are pro- 
vided in the form of "deep-groove*. 
[0012] At the machine's starting, this permanent 
magnet-reluctance type rotating machine makes the 
35 starting conductors on the periphery of the rotor pro- 
duce an induction torque corresponding to the change 
of armature current, thereby allowing the rotor to oper- 
ate as the induction machine. At the machine's rated 
driving, the permanent magnet-reluctance type rotating 
40 machine allows the rotor to operate as the synchronous 
machine by both of the reluctance torque originated in 
the magnetic unevenness on the rotor surface and the 
torque based on the interaction of the flux of the perma- 
nent magnets on the pole sides with the flux from the 
45 armature windings. 

[0013] As to the above-mentioned "self starting" 
permanent magnet-reluctance type rotating machine, it 
is known that when the flux from the permanent mag- 
nets in the rotor core, namely, "magnet flux" gets large 
so or the difference in magnetic reluctance between the 
projecting portions and the recessed portions of the 
rotor core gets large, the machine is apt to be started 
with difficulty. 

[0014] It is also known that, conversely, if the mag- 
55 net flux or reluctance is small, then the operative con- 
version is apt to be difficult at the machine's pull-in as 
one turning point from the starting operation as the 
induction machine to the normal operation as the syn- 
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chronous machine. 

[0015] In order to carry out the machine's starting 
and pull-in without a hitch, it is necessary to establish 
the number of magnet flux and the value of reluctance 
appropriately. 

[001 6] Despite the fact that the general tendencies 
of magnet flux and reluctance upon the machine's start- 
ing and pull-in operations has been recognized as men- 
tioned above, there has not been provided any definite 
establishment against the magnet flux and the reluc- 
tance yet. 

[0017] Therefore, there presently exists a situation 
where, for example, one permanent magnet-reluctance 
type is easy to start but hard for pull-in, while the other 
rotating machine is easy for its pull-in but hard to start. 

SUMMARY OF THE INVENTION 



[001 8] It is therefore an object of the present inven- 
tion to provide a rotor for a permanent magnet type 
rotating machine which is capable of operating as an 
induction machine at the machine's starting and also as 
a synchronizing machine owing to the smooth "pull in" 
for the synchronism at the machine's rated driving. 
[0019] In order to accomplish the object described 
above, the present invention provides a rotor for a per- 
manent magnet type rotating machine having a stator 
with armature windings, the rotor comprising a rotor 
core having a magnetic unevenness formed in a circum- 
ferential direction thereof, with magnetic portions; a plu- 
rality of permanent magnets arranged in the rotor core 
so as to negate magnetic flux originating in the arma- 
ture windings and also passing between adjoining mag- 
netic poles; and conductors arranged in the periphery of 
the rotor core to produce a starting torque by the gener- 
ation of induced current at the machine's starting. As 
the 1st. feature of the invention, the rotor is constructed 
so that the average of magnetic flux in an air gap 
between the rotor and the stator, which is produced by 
the permanent magnets at the armature windings' unex- 
citing, ranges from 0.1 [T| to 0.7 [T] and the rotor core is 
constructed so that the ratio (Lq/Ld) of self-inductance 
(Lq) of the magnetic portion in a hard-magnetizing 
direction to self-inductance (Ld) in an easy-magnetizing 
direction under a rated load condition is within a range 
from 0.1 to 0.8. 

[0020] With the above arrangement, it is possible to 
realize the rotating machine allowing its operation to be 
transferred from the machine's starting to the synchro- 
nism smoothly. 

[0021] In common with the inventions according to 
the 2nd.-7th. features described later, a rotor for a per- 
manent magnet type rotating machine having a stator 
with armature windings, comprises a rotor core having a 
magnetic unevenness formed in a circumferential direc- 
tion thereof, with magnetic portions; a plurality of per- 
manent magnets arranged in the rotor core so as to 
negate magnetic flux originating in the armature wind- 



ings and also passing between adjoining magnetic 
poles; and conductors arranged in the periphery of the 
rotor core to produce a starting torque by the generation 
of induced current at the machine's starting; wherein a 
5 load connected to the rotor core is substantially propor- 
tional to a power frequency to the power three. 
[0022] First, the 2nd. feature of the invention 
resides in that the conductors' resistivity at the 
machine's regular driving substantially equals to the 
10 resistivity of aluminum; the rotor is constructed so that 
the average of magnetic flux in an air gap between the 
rotor and the stator, which is produced by the perma- 
nent magnets, ranges from 0.1 [T] to 0.5 [X]\ and the 
rotor core is constructed so that the ratio (Lq/Ld) of self- 
75 inductance (Lq) of the magnetic portion in a hard-mag- 
netizing direction to self-inductance (Ld) in an easy- 
magnetizing direction under a rated load condition is 
within a range from 0.1 to 0.8. 
[0023] The 3rd. feature of the invention resides in 
so that the conductors' resistivity at the machine's regular 
driving equals general 110 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
25 produced by the permanent magnets, ranges from 0.2 
n to 0.6 [T]; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self induct- 
ance (Ld) in an easy-magnetizing direction under a 
30 rated load condition is within a range from 0.1 to 0.7. 
[0024] The 4th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 120 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
35 rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.2 
[T] to 0.6 [T]; and * he rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
40 portion in a hard-magnetizing direction to self induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.6. 
[0025] The 5th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
45 driving equals general 130 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.2 

so [TJ to 0.6 PI: and the rotor core is constructed 50 that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.5. 
55 [0026] The 6th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 140 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
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rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.3 
[T] to 0.6 [7]; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.5. 
[0027] The 7th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 150 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.3 
m to 0.7 pi; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self-induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.4. 
[0028] In accordance with the respective arrange- 
ments of the 2nd. - 7th. features mentioned above, it is 
possible to realize the rotating machine allowing its 
operation to be transferred from the machine's starting 
to the synchronism smoothly. 
[0029] In common with the inventions according to 
the 8th.- 13th, features described later, a rotor for a per* 
manent magnet type rotating machine having a stator 
with armature windings, comprises a rotor core having a 
magnetic unevenness formed in a circumferential direc- 
tion thereof, with magnetic portions; a plurality of per- 
manent magnets arranged in the rotor core so as to 
negate magnetic flux originating in the armature wind- 
ings and also passing between adjoining magnetic 
poles; and conductors arranged in the periphery of the 
rotor core to produce a starting torque by the generation 
of induced current at the machine's starting; wherein a 
load connected to the rotor core equals substantial zero 
in case of less than the machine s rated rotations, while 
the load is proportional to a power frequency to the 
power three in case of more than the machine's rated 
rotations. 

[0030] The 8th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving substantially equals to the resistivity of alumi- 
num; the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor and the 
stator, which is produced by the permanent magnets, 
ranges from 0.1 [T| to 0.5 PI: and the rotor core is con- 
structed so that the ratio (Lq/Ld) of self-inductance (Lq) 
of the magnetic portion in a hard-magnetizing direction 
to self-inductance (Ld) in an easy-magnetizing direction 
under a rated load condition is within a range from 0.1 to 
0.8. 

[0031] The 9th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 110 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 



rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.2 
[T] to 0.6 PI: and the rotor core is constructed so that 
5 the ratio (Lq/Ld) of self -inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self-induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.7. 
[0032] The 10th. feature of the invention resides in 
10 that the conductors* resistivity at the machine's regular 
driving equals general 120 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
15 produced by the permanent magnets, ranges from 0.2 
[T] to 0.6 [T]; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self-induct- 
ance (Ld) in an easy-magnetizing direction under a 
20 rated load condition is within a range from 0. 1 to 0.6. 
[0033] The 1 1th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 130 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
25 rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.2 
[T] to 0.6 [T]; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
30 portion in a hard-magnetizing direction to serf-induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.5. 
[0034] The 12th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
35 driving equals general 140 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.3 
40 [T] to 0.6 [T]; and the rotor core is constructed so that 
the ratio (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self induct- 
ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.5. 
45 [0035] The 13th. feature of the invention resides in 
that the conductors' resistivity at the machine's regular 
driving equals general 150 % on the assumption that 
the resistivity of aluminum corresponds to 100 %; the 
rotor is constructed so that the average of magnetic flux 
so in an air gap between the rotor and the stator, which is 
produced by the permanent magnets, ranges from 0.3 
[T] to 0.7 [T]; and the rotor c 01 ' 0 ls constructed so that 
the ratio (Lq/Ld) of self -inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self-induct- 
55 ance (Ld) in an easy-magnetizing direction under a 
rated load condition is within a range from 0.1 to 0.4. 
[0036] In accordance with the respective arrange- 
ments of the 8th. - 13th. features mentioned above, it is 
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possible to realize the rotating machine allowing its 
operation to be transferred from the machine's starting 
to the synchronism smoothly. 
[0037] The 14th. feature of the invention resides in 
a rotor for a permanent magnet type rotating machine 
having a stator with armature windings, the rotor com- 
prising: a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, with mag- 
netic portions; a plurality of permanent magnets 
arranged in the rotor core so as to negate magnetic flux 
originating in the armature windings and also passing 
between adjoining magnetic poles; and conductors 
arranged in the periphery of the rotor core to produce a 
starting torque by the generation of induced current at 
the machine's starting; wherein the conductors each 
has a cross section in the form of an oblong of long 
sides arranged so as to extend along the radial direction 
of the rotor core, radially of the rotational center axis of 
the rotor core as a center. 

[0038] The 15th. feature of the invention resides in 
a rotor for a permanent magnet type rotating machine 
having a stator with armature windings, the rotor com- 
prising: a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, with mag- 
netic portions; a plurality of permanent magnets 
arranged in the rotor core so as to negate magnetic flux 
originating in the armature windings and also passing 
between adjoining magnetic poles; and conductors 
arranged in the periphery of the rotor core to produce a 
starting torque by the generation of induced current at 
the machine's starting; wherein the conductors each 
has a cross section in the form of an isosceles triangle 
of which the base is arranged on the side of the periph- 
ery of the rotor core while the peak directs to the side of 
the center axis of the rotor core, and the conductors are 
also arranged radially of the rotational center axis of the 
rotor core as a center. 

[0039] In accordance with the respective arrange- 
ments of the 14th. and 15th. features mentioned above, 
it is possible to realize the rotating machine allowing its 
operation to be transferred from the machine's starting 
to the synchronism smoothly. 
[0040] These and other objects and features of the 
present invention will become more fully apparent from 
the following description and appended claims taken in 
conjunction with the accompany drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0041] 

Fig. 1 is a cross sectional view of a permanent- 
magnet type rotating machine for explanation of the 
1st embodiment to the 3rd. embodiment of the 
present invention, taken along the radial direction of 
the machine; 

Fig. 2 is a cross sectional view of a rotor of Fig. 1 in 
the radial direction of the machine, showing the flow 



of flux due to armature currents in the component of 
directions along respective magnetic pole axes; 
Fig. 3 is a cross sectional view of the rotor of Fig. 1 
in the radial direction of the machine, showing the 

» flow of flux due to armature currents in the compo- 
nent of directions along interpole center axes; 
Fig. 4 is a cross sectional view of the rotor of Fig. 1 
in the radial direction of the machine, showing the 
flow of flux due to permanent magnets in the rotor; 

w Fig. 5 is an explanatory cross sectional view of the 
rotor of the permanent-magnet type rotating 
machine in accordance with the 4th. embodiment of 
the present invention, taken along the radial direc- 
tion of the machine; and 

15 Fig. 6 is a cross sectional view of the rotor of the 
permanent-magnet type rotating machine in 
accordance with the 5th. embodiment of the 
present invention, taken along the radial direction of 
the machine. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0042] Embodiments of the present invention will be 
described with reference to Figs. 1 to 6, in detail. 
25 [0043] Fig. 1 is a cross sectional view of a rotating 
machine in accordance with the first embodiment of the 
present invention, taken along the radial direction of the 
machine. In Fig. 1 , a stator 1 includes armature wind- 
ings 11 and, is constructed so as to accommodates a 
30 rotor 3 therein through a clearance (air gap) 2. 

[0044] The rotor 3 includes a rotor core 31 , perma- 
nent magnets 32 and starting conductors (conductive 
bars) 33 both embedded in the rotor core 31. The rotor 
core 31 is constituted by a lamination of electromag- 
35 netic steel plates each having eight cavities 31a formed 
along respective "easy-magnetizing" directions to facili- 
tate the rotor's magnetization, i.e., d-axes. Eight cavities 
31a are arranged crosswise in the rotor core 31. The 
permanent magnets 32 are respectively embedded in 
40 these cavities 31a, so that projecting poles and 
recessed portions are alternately arranged about the 
rotor 3, providing four magnetic poles. 
[0045] The permanent magnets 32 on both sides of 
each magnetic pole are magnetized in the identical 
45 direction so as to negate the magnetic flux of the arma- 
ture windings 1 1 flowing along the adjoining recessed 
portions, namely, "hard-magnetizing" directions (i.e. d- 
axes) in opposition to the above easy-magnetizing 
directions. While, the permanent magnets 32 on both 
so sides of each recessed portion are magnetized in the 
opposite directions to each other in the circumferential 
direction of the rotor core 31 . 

[0046] In other words, respective core portions 
each interposed between two parallel cavities 31a pro- 
55 vide magnetically projecting parts, i.e., respective mag- 
netic poles 3a extending in the easy-magnetizing 
directions, of a pole width W1 each. On the other hand, 
respective core portions each interposed between two 
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perpendicularly adjoining cavities 31a provide magneti- 
cally recessed parts, i.e., respective interpoles 3b 
extending in the hard-magnetizing directions. 
[0047] Recommended for the permanent magnets 

32 are rare-earth permanent magnets of high energy 
product, preferably, Nd-Fe-B permanent magnets which 
are preferably magnetized in the generally-circumferen- 
tial direction, more preferably, in directions substantially 
perpendicular to the axes of the magnetic poles 3a. In 
the rotor core 31, non-magnetic portions composed of 
fan-shaped cavities 31c are formed in vicinity of the 
peripheries of the interpoles 3b. 

[0048] Further, the rotor core 31 has magnetic por- 
tions 31b each formed between each magnetic pole 3a 
and the adjoining interpole 3b and also between an 
outer end of the permanent magnet 32 and the periph- 
eral face of the rotor 3. The permanent magnets 32 are 
established so that the flux density of the air gap 2 when 
the armature windings 1 1 are not excited is less than 
e.g. 0.58 tesla(T). 

[0049] According to the embodiment of the inven- 
tion, since the permanent magnets 32 are arranged suf- 
ficiently inside of the peripheral face of the rotor core 31 , 
the flux of each permanent magnet 32 also passes 
through the magnetic portion 31b. so that the portion 
31b is magnetically closed in a short-circuit. 
[0050] In order to provide the rotating machine 
capable of operating as one induction machine at the 
machine's starting and also operating as one synchro- 
nizing machine at the rated driving as the result of 
smooth "pull in" for the synchronism, the first embodi- 
ment has the following establishment. That is, the radial 
thickness of each magnetic portion 31b, the thickness 
and surface area of each magnet 32 are respectively 
adjusted so that the average of magnetic flux produced 
in the air gap 2 at the armature windings' unexciting 
ranges from 0.1 [7] to 0.7 [T]- 
[0051] Simultaneously, the pole width W1 of the 
magnetic pole 3a and a width W2 are established so 
that the ratio (Lq/Ld) of a self-inductance (Lq) of the 
magnetic portion in the hard-magnetizing direction to a 
self-inductance (Ld) in the easy-magnetizing direction 
ranges from 0.1 to 0.8. As shown in Figs, i and 2, the 
width W2 corresponds to a width of the magnetic por- 
tion 31 b defined between the adjoining permanent mag- 
nets 32 interposing each interpole 3b on the side of the 
center of the rotor 3, 

[0052] Next, we describe the operation of the rotor 
of the permanent magnet type rotating machine in 
accordance with the first embodiment of the invention 
with reference to Figs. 2 to 4. Note, in Fig. 2 and there- 
after, the above starting conductors (conductive bars) 

33 arranged on the periphery of the rotor core 31 are 
eliminated for facilitating the understanding for the 
explanation. 

[0053] That is, in Fig. 2, each magnetic flux d) 
designates a component of flux due to the armature cur- 
rent of the d-axis. in the direction along the pole 3a of 



the rotor core 31 . Because of the magnetic path of each 
magnetic pole 3a, the magnetic reluctance of the above 
flux (<|> d) is extremely small, so that the magnetic flux 
can be produced with ease. 

5 [0054] While, in Fig. 3, each magneticflux (<|>q) des- 
ignates a component of flux due to the armature current 
of the q-axis, in the radial direction along the interpole 
3b of the rotor core 31 . Although the magnetic flux (<|> q) 
forms the magnetic path crossing the permanent mag- 

w nets 32 in the interpoles 3b, the flux by the armature 
current is deteriorated by the action of high reluctance 
of the permanent magnets 32 because of its relative 
permeability of approx. 1 . 

[0055] Therefore, as mentioned above, each per- 
15 manent magnet 32 is magnetized in the direction sub- 
stantially perpendicular to the axis of the pole 3a. Thus, 
as shown in Fig. 4, the flux flow starting from one pole 
of one permanent magnet 32 passes in the following 
order: the magnetic portion 31a on the boundary of the 
20 periphery of the rotor core 31 in the circumferential 
direction, the magnetic pole 3a and the opposite pole of 
the above permanent magnet 32, thereby forming a 
magnetic circuit (<|> ma). 

[0056] While, the partial flux from one permanent 

25 magnet 32 also passes through the following elements 
in order: the air gap 2. the not-shown stator 1 and the 
magnetic pole 3a of the rotor 3 (or the adjacent magnet 
32) and returns to the original magnet 32, forming a 
magnetic circuit (<t> mb). 

30 [0057] Accordingly, as shown in Fig. 3, the interlink- 
age flux (<)> m) of the permanent magnets 32 is distrib- 
uted in the opposite direction to the magnetic flux (<|> q) 
passing through the interpoles 3b toward the center of 
the rotor 3 by the armature current of q-axis. so that the 

35 magnetic flux (<|> q) of the armature windings 1 1 entering 
through the interpoles 3b is repelled for negation. 
[0058] In the air gap 2 above the interpoles 3b, the 
flux density produced at the gap 2 by the not-shown 
armature windings 11, namely, gap flux density is 

40 reduced by the flux from the permanent magnets 32, 
producing a great variation in comparison with the gap 
flux density above the poles 3a. In this way, a large 
change in magnetic energy can be obtained by the 
change in gap flux density with respect to the position of 

45 the rotor 3. 

[0059] Further, the magnetic portions 31b of the 
rotor core 31, each of which forms a short circuit 
between the pole 3a and the interpole 3b, are magneti- 
cally saturated by load currents in case of the machine 

so being loaded, so that the magnetic flux of the magnets 
32 distributed into the interpoles 3b is increased. There- 
fore, since there can be produced an unevenness in the 
distribution of gap flux density by the magnetic reluc- 
tance and flux of the permanent magnets 32. the rotat- 

55 ing machine is capable of obtaining a great reluctance 
torque. 

[0060] Meanwhile, it is noted that the reluctance 
torque originating in the difference in magnetic energy 
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between the pole 3a and the interpole 3b is a sort of 
synchronous torque. 

[0061] Further noted, the permanent magnet type 
rotating machine equipped with the rotor of the embodi- 
ment operates as the induction machine at the 
machine's starting and also as the synchronizing 
machine at the machine's rated driving. Thus, in order 
to perform the machine's smooth shifting from its induc- 
tion drive to the synchronous drive, the synchronous 
torque representing the reluctance torque as mentioned 
above is necessary. Besides the reluctance torque, 
there exists a magnet torque which is generated by the 
interaction between the flux of the permanent magnets 
32 and the armature windings 11, in the synchronous 
torque. In order to perform the above shifting from the 
induction to the synchronism appropriately and 
smoothly, it is desirable to set the synchronous torque 
large. 

[0062] In order to enlarge the synchronous torque, 
it has only to increase the magnet torque by reducing 
the width of the magnetic portion 31 b between the mag- 
net end and the periphery of the rotor 3 for the magnetic 
saturation in manner that the magnet flux rushes out 
into the gap 2. Alternatively, it has only to increase the 
( reluctance torque by increasing the pole width W1 . 
[0063] Also, it should be noted that the induction 
torque at the machine's starting is generated by the 
armature current, in detail, a time change in armature 
flux interlinking with the cage-shaped conductors on the 
outer periphery of the rotor 3. 
[0064] However, since the permanent magnets 32 
disposed in the rotor 3 are magnetized in the direction to 
negate the armature flux, the magnet flux from the per- 
manent magnets 32 operates in the direction to negate 
the time change in armature flux interlinking with the 
cage-shaped conductors. In other words, the flux of the 
permanent magnets 32 acts to reduce the induction 
torque at the machine's starting. 
[0065] In addition, if there exists a magnetic une- 
venness on the periphery of the rotor 3 ( then the arma- 
ture flux is difficult to generate because of elevated 
magnetic reluctance in the hard-magnetizing direction 
(q-axis). Consequently, the interlinkage flux with the 
conductors 33 is reduced to deteriorate the starting 
torque. 

[0066] Being eager to enter into the rotor core 31 
through the only easy-magnetizing direction (q-axis). 
the armature flux does cross with the conductors 33 on 
the periphery of the rotor 3 partially, so that the starting 
torque is influenced into reduction. 
[0067] That is, in order to facilitate the machine's 
starting, it is desirable that the magnet flux is small 
together with the magnetic unevenness. In this way, the 
measures for facilitating the starting are contrary to the 
measures for facilitating the synchronism. 
[0068] In order to realize the rotating machine 
which is capable of operating as the induction machine 
at the machine's starting and also as the synchronizing 



3 827 A2 "»2 

machine at the machined rated driving, the embodi- 
ments of the invention do present the following condi- 
tions while providing the flux of the permanent magnets 
and the magnetic unevenness with appropriate values. 
5 [0069] Thus, in the rotor of the permanent magnet 
type rotating machine of the embodiment, the magnetic 
portion 31b is defined between the pole 3a and the 
interpole 3b and between the end of the magnet 32 and 
the periphery of the rotor core 31 so that the average of 
10 magnetic flux in the air gap 2, which is produced by the 
permanent magnets 32 at the armature windings' unex- 
citing, ranges from 0.1 [7] to 0.7 [7]- Further, the rotor is 
also constructed so as to provide the reluctance with 
more appropriate values by changing the magnet flux 
15 and the pole width W1 respectively. 

[0070] Preferably, the pole width W1 ranges from 
0.3 to 0.5 times as long as one pole pitch (i.e. a circum- 
ferential length from one center of one pole to another 
center of the neighboring pole). 
20 [0071 ] Further, the pole width W1 and the magnetic 
portion's width W2 between the adjoining magnets 32 
are established so that the ratio (Lq/Ld) of self-induct- 
ance (Lq) of the magnetic portion in the hard-magnetiz- 
ing direction to self inductance (Ld) in the easy- 
25 magnetizing direction, ranges from 0.1 to 0.8. 

[0072] With the above establishment, it is possible 
to realize the rotating machine which can operate as the 
induction machine at the machine's starting and also 
operate as the synchronous machine at the rated driv-, 
30 ing owing to the smooth pull-in. 

[0073] Next, we describe the rotor of the permanent 
magnet type rotating machine in accordance with the 
2nd. embodiment. Note, throughout the respective 
embodiments mentioned later, there will be eliminated 
35 detailed descriptions for constituents which are identical 
to those of the f irst embodiment. 
[0074] That is, the 2nd. embodiment mentioned 
below is on the assumption that the rotor 3 is connected 
to the load substantially proportional to a rotors fre- 
40 quency.to the power three. In the 1 st. example, the rotor 
is constructed in a manner that the resistivity of the con- 
ductors 33 on the periphery of the rotor 3 substantially 
equals to the resistivity of aluminum. 
[0075] Further, in the 1st. example, the magnetic 
45 portion 31b is defined between the pole 3a and the 
interpole 3b and between the end of the magnet 32 and 
the periphery of the rotor core 31 so that the average of 
magnetic flux produced by the permanent magnets 32 
at the armature windings' unexciting, ranges from 0.1 
so |T] to 0.5 [T| in the air gap 2. The pole width W1 and the 
width W2 of the magnetic portion between the adjoining 
magnets 32 are established so that the ratio (Lq/Ld) of 
self-inductance (Lq) of the magnetic portion in the hard- 
magnetizing direction to self-inductance (Ld) in the 
55 easy-magnetizing direction, ranges from 0.1 to 0.8. 
[0076] In the 2nd. example, the resistivity of the 
conductors 33 is equal to general 1 1 0 % with respect to 
the resistivity of aluminum. Then, the magnetic portion 
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31b, the pole width W1 and the width W2 are respec- 
tively established so that the average of magnetic flux 
produced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 [T] to 0.6 [T] in the 
air gap 2 and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.7. 

[0077] In the 3rd. example, the resistivity of the con- 
ductors 33 is equal to general 120 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 
duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 [TJ to 0.6 [T] in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.6. 
[0078] In the 4th. example, the resistivity of the con- 
ductors 33 is equal to general 130 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 
duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 [T] to 0.6 p] in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.5. 
[0079] In the 5th. example, the resistivity of the con- 
ductors 33 is equal to general 140 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 
duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.3 [T] to 0.6 [7] in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.5. 
[0080] In the 6th. example, the resistivity of the con- 
ductors 33 is equal to general 150 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 
duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.3 [T] to 0.7 [7] in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.4. 
[0081] Next, we describe the 3rd. embodiment of 
the invention. In this embodiment, the rotor is driven 
under no load, i.e. substantial "zero" from the machine's 
starting to synchronism. After reaching the rated rota- 
tions, the rotor is connected to the load substantially 
proportional to a rotor's frequency to the power three. 
[0082] Under the condition, in the 1st. example, the 
resistivity of the conductors 33 on the periphery of the 
rotor 3 is substantially equal to the resistivity of alumi- 
num. Further, the magnetic portion 31b is defined so 
that the average of magnetic flux produced by the per- 



manent magnets 32 at the armature windings' unexcit- 
ing ranges from 0.1 [J] to 0.5 [T] in the air gap 2, while 
the magnet flux and the reluctance are established so 
as to have appropriate values, respectively. 

5 [0083] The pole width W1 and the width W2 of the 
magnetic portion between the adjoining magnets 32 are 
established so that the ratio (Lq/Ld) of self-inductance 
(Lq) of the magnetic portion in the hard-magnetizing 
direction to self-inductance (Ld) in the easy-magnetiz- 

10 ing direction, ranges from 0.1 to 0.8. Consequently, 
there can be provided a rotating machine which oper- 
ates as the induction machine at the machine's starting 
and also operates as the synchronous machine at the 
rated driving, smoothly. 

is [0084] In the 2nd. example, the resistivity of the 
conductors 33 is equal to general 1 10 % with respect to 
the resistivity of aluminum. Then, the magnetic portion 
31b, the pole width W1 and the width W2 are respec- 
tively established so that the average of magnetic flux 

20 produced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 fT] to 0.6 [T] in the 
air gap Z and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.7. 

25 [0085] In the 3rd. example, the resistivity of the con- 
ductors 33 is equal to general 1 20 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 

30 duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 [T] to 0.6 \T] in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.6. 

35 [0086] In the 4th. example, the resistivity of the con- 
ductors 33 is equal to general 130 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 

40 duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.2 [T] to 0.6 PI in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 01 to 0.5. 

45 [0087] In the 5th. example, the resistivity of the con- 
ductors 33 is equal to general 1 40 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
established so that the average of magnetic flux pro- 

so duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.3 [J] to 0.6 [T| in the 
air gap 2, and the ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.5. 

55 [0088] In the 6th. example, the resistivity of the con- 
ductors 33 is equal to general 150 % with respect to the 
resistivity of aluminum. Then, the magnetic portion 31b, 
the pole width W1 and the width W2 are respectively 
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established so that the average of magnetic flux pro- 
duced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.3 [T] to 0.7 [T] in the 
air gap 2, and the ratio (Lq/Ld) of self -inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction ranges from 0.1 to 0.4. 
[0089] On the ground that the rotor is driven under 
no load, i.e. substantial "zero" from the machine's start- 
ing to synchronism and, after reaching the rated rota- 
tions, the rotor is connected to the load substantially 
proportional to a rotor's frequency to the power three, 
owing to the establishment of: resistivity of the conduc- 
tors 33; average of magnetic flux produced by the per- 
manent magnets 32 at the armature windings' 
unexciting; and ratio (Lq/Ld) of self-inductance in the 
hard-magnetizing direction to self-inductance in the 
easy-magnetizing direction, it is possible to provide a 
rotating machine which operates as the induction 
machine at the machine's starting and also operates as 
the synchronous machine at the rated driving, smoothly. 
[0090] Fig. 5 is a cross sectional view of the rotor of 
the permanent-magnet type rotating machine in accord- 
ance with the 4th. embodiment of the present invention, 
taken along the radial direction of the machine. Accord- 
ing to the embodiment, the conductors (conductive 
bars) 33 are arranged in the periphery of the rotor core 
31 in the circumferential direction. As shown in the fig- 
ure, each conductor 33 is shaped to have an oblong 
cross section characterized by sufficiently long sides in 
comparison with the other sides. In arrangement, the 
conductors 33 are arranged radially of the rotational 
center axis of the rotor core 31 as a center in a manner 
that the respective long sides of the cross sections 
extend along the radial direction of the rotor 3. 
[0091] Although the induction torque at the 
machine's starting is proportional to the time variation 
rate of interlinkage flux of the armature windings 1 1 with 
the starting conductors 33 and also the resistance of 
conductor 33, the flux does not enter the interior of rotor 
core more than the surface of the rotor by the skin effect 
of alternating flux since the flux of high frequency is pro- 
duced at the machine's starting. 
[00921 Therefore, since the cross section of the 
conductor 33 is shaped long in the radial direction of the 
rotor 3 and short in the circumferential direction, the 
induction current flows through the only outer ends of 
the conductors 33 by the skin effect, which is equivalent 
to a case of reducing the cross sections of the conduc- 
tors 33. In other words, the rotor 3 having the so-shaped 
conductors 33 is equivalent to a condition of elevating 
the resistance of each conductor 33, so that it is possi- 
ble to generate the starting torque effectively. 
[0093] Additionally, because of its narrowness of 
each conductor 33 in the circumferential direction of the 
rotor 3, the magnetic path in each pole 3a is so broad- 
ened to facilitate the flow of flux in the easy-magnetizing 
direction (d-axis) furthermore, causing the reluctance 
torque to be increased. Consequently, owing to the 



starting torque which is effectively ensured at the 
machine's starting and the reluctance torque which is 
effectively generated at the machine's rated driving, it is 
possible to realize a rotating machine which operates as 
5 the induction machine at the machine's starting and 
also operates as the synchronous machine at the rated 
driving. 

[0094] Fig. 6 is a cross sectional view of the rotor of 
the permanent-magnet type rotating machine in accord- 

io ance with the 5th. embodiment of the present invention, 
taken along the radial direction of the machine. Accord- 
ing to the embodiment, the rotor core 31 is provided, on 
the peripheral part, with the conductors 33 which can 
generate the induced current at the machine's starting 

75 to ensure the starting toque. As shown in the f igure, 
each conductor 33 has a cross section in the form of an 
isosceles triangle of which the base is arranged on the 
side of the periphery of the rotor core 31 while the peak 
directs to the side of the center axis of the rotor core 31 . 

20 These conductors 33 are arranged radially of the rota- 
tional center axis of the rotor core 31 as a center. 
[0095] Note, the width of the isosceles triangular 
conductor's part in the circumferential direction of the 
rotor 3 gets larger as the part approaches the base. 

25 That is, by positioning each conductor's base of the 
largest width on the outer peripheral portion of the rotor 
3 having a cicumferential length in comparison with that 
of the inner peripheral portion, it is possible to ensure a 
magnetic path in the easy-maghetizing direction, which 

30 is broader than that in case of arranging each conduc- 
tor's base on the inner peripheral side of the rotor core 
31, thereby increasing the reluctance torque. 
[0096] Furthermore, since the starting torque is 
generated by the starting current induced in the conduc- 

35 tors 33 at the machine's starting and the large reluc- 
tance torque can be obtained at the machine's rated 
driving, it is possible to realize a rotating machine which 
can transfer from its operation as the induction machine 
at the machine's starting to the operation as the syn- 

40 chronous machine at the rated driving, smoothly. 

[0097] As mentioned above, owing to the establish- 
ment of: pole width, width of magnetic portion between 
the adjoining magnets, magnet flux, ratio of self-induct- 
ance of the magnetic portion in the hard-magnetizing 

45 direction to self-inductance in the easy-magnetizing 
direction, and configurations of conductors (i.e. exces- 
sive oblong, isosceles triangle), the rotor of the perma- 
nent magnet type rotating machine is capable of smooth 
pull-in for the machine's synchronism thereby to provide 

so a great effect for practical use. 

[0098] Finally, it will be understood by those skilled 
in the art that the foregoing descriptions are preferred 
embodiments of the rotating machine, and that various 
changes and modifications may be made to the present 

55 invention without departing from the spirit and scope 
thereof. 
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Claims 

1. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 5 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 10 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the is 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein the rotor is constructed so that the 
average of magnetic flux in an air gap between 20 
the rotor and the stator, which is produced by 
the permanent magnets at the armature wind- 
ings'unexciting, ranges from 0.1 [T] to 0.7 |TJ; 
the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 25 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.8. 

30 

2. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 35 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 40 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 45 
starting; 

wherein a load connected to the rotor core is 
substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine's reg- so 
ular driving substantially equals to the resistiv- 
ity of aluminum,; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 55 
manent magnets, ranges from 0.1 [T] to 0.5 [T]; 
and 

the rotor core is constructed so that the ratio 
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(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.8. 

3. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core is 
substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 110 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100 %; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [T] to 0.6 [TJ; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated toad condition is within a 
range from 0.1 to 0.7. 

4. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 
a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core is 
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substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 120 % on the 
assumption that the resistivity of aluminum cor- s 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [T) to 0.6 [TJ; 10 
and . 

the rotor core is constructed so that the ratio 
. (Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 15 
tion under a rated load condition is within a 
range from 0.1 to 0.6. 

. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 20 
the rotor comprising: 

a rotor core having a magnetic unevenness 

formed in a circumferential direction thereof, 

with magnetic portions; ? 5 
a plurality of permanent magnets arranged in 

the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 

and 30 
conductors arranged in the periphery of the 7 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core is 35 
substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 130 % on the 
assumption that the resistivity of aluminum cor- 40 
responds to 100 %; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [Y] to 0.6 [T]; 45 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self 
inductance (Ld) in an easy-magnetizing direc- so 
tion under a rated load condition is within a 
range from 0.1 to 0.5. 

6. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, ss 
the rotor comprising: 

a rotor core having a magnetic unevenness 
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formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting toque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core is 
substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine s reg- 
ular driving equals general 140 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.3 [7] to 0.6 [T]; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to setf- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.5. 

A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core is 
substantially proportional to a power frequency 
to the power three; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 150 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.3 JJ] to 0.7 p]; 
and 
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the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductancei(Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 5 
range from 0.1 to 0.4. 

8. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 

the rotor comprising: to 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 75 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 20 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core 
equals substantial zero in case of less than the 25 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 
rotations; 

the conductors' resistivity at the machine's reg- 30 
ular driving substantially equals to the resistiv- 
ity of aluminum; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 35 
manent magnets, ranges from 0.1 [T| to 0.5 [TJ; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 40 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.8. 

9. A rotor for a permanent magnet type rotating 45 
machine having a stator with armature windings, 

the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, so 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 55 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 



generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core 
equals substantial zero in case of less than the 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 
rotations; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 110 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100 %; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [T] to 0.6 [TJ; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.7. 

10. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 
a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core 
equals substantial zero in case of less than the 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 
rotations; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 120 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [Y] to 0.6 [T]; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
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inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.6. 

11. A rotor for a permanent magnet type rotating s 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 10 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; is 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 20 
wherein a load connected to the rotor core 
equals substantial zero in case of less than the 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 25 
rotations; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 130 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 30 
the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.2 [7] to 0.6 [7]; 
and 35 
the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 40 
range from 0.1 to 0.5. 

12. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 45 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in so 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 55 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 
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wherein a toad connected to the rotor core 
equals substantial zero in case of less than the 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 
rotations; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 140 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.3 [7] to 0.6 [T]; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
range from 0.1 to 0.5. 

13. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 

wherein a load connected to the rotor core 
equals substantial zero in case of less than the 
machine's rated rotations, while the load is pro- 
portional to a power frequency to the power 
three in case of more than the machine's rated 
rotations; 

the conductors' resistivity at the machine's reg- 
ular driving equals general 150 % on the 
assumption that the resistivity of aluminum cor- 
responds to 100%; 

the rotor is constructed so that the average of 
magnetic flux in an air gap between the rotor 
and the stator, which is produced by the per- 
manent magnets, ranges from 0.3 [T] to 0.7 [7]; 
and 

the rotor core is constructed so that the ratio 
(Lq/Ld) of self-inductance (Lq) of the magnetic 
portion in a hard-magnetizing direction to self- 
inductance (Ld) in an easy-magnetizing direc- 
tion under a rated load condition is within a 
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range from 0.1 to 0.4. 

14. A rotor for a permanent magnet type rotating 
machine having a stator with armature windings, 
the rotor comprising: 5 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 
with magnetic portions; 

a plurality of permanent magnets arranged in 10 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 
and 

conductors arranged in the periphery of the is 
rotor core to produce a starting torque by the 
generation of induced current at the 
machines's starting; 

wherein the conductors each has a cross sec- 
tion in the form of an oblong of long sides 20 
arranged so as to extend along the radial direc- 
tion of the rotor core, radially of the rotational 
center axis of the rotor core as a center. 

15. A rotor for a permanent magnet type rotating 25 
machine having a stator with armature windings, 

the rotor comprising: 

a rotor core having a magnetic unevenness 
formed in a circumferential direction thereof, 30 
with magnetic portions; 

a plurality of permanent magnets arranged in 
the rotor core so as to negate magnetic flux 
originating in the armature windings and also 
passing between adjoining magnetic poles; 35 
and 

conductors arranged in the periphery of the 
rotor core to produce a starting torque by the 
generation of induced current at the machine's 
starting; 40 
wherein the conductors each has a cross sec- 
tion in the form of an isosceles triangle of which 
the base is arranged on the side of the periph- 
ery of the rotor core while the peak directs to 
the side of the center axis of the rotor core, and 45 
the conductors are also arranged radially of the 
rotational center axis of the rotor core as a 
center. 
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core 31 so as to negate magnetic flux of the armature 
windings 11 passing through interpoles 3b. The rotor 3 
is constructed so that the avenge of magnetic flux in an 
air gap 2 between the rotor 3 and the stator 1 , which is 
produced by the permanent magnets 32 at the armature 
windings' unexciting, ranges from 0.1 fT) to 0.7 [T] and 
the ratio (Lq/Ld) of self-inductance of the magnetic por- 
tion in a hard-magnetizing direction (q-axis) to self- 
inductance in an easy-magnetizing direction (d-axis) 
under a rated load condition ranges from 0.1 to 0.8. 
Under these conditions, it is possible to realize the rotat- 
ing machine which operates as an induction machine at 
the machine's starting and also operates as an synchro- 
nous machine at the rated driving due to smooth pull-in. 
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